. 2017 27 9 CHINAPOPULATION RESOURCESANDENVIRONMENT  Vol.27 No.9 2017

J. . 2017 27(9) : 46-55. QUAN Shiwen. Using choice experiment

to evaluate air quality in Beijing J . China population resources and environment 2017 27(9) : 46-55.

( 100732)
4 N\
° 2015 2016
Logit Logit o 2015
(PM,. ) (PM, ) 632 /d 269 /d; 2016
7.72 /d 281 /d.
o 2016 2015
239.61 45.13 GDP 1.04% 0.20% . 2015 2016
F062.2 A 1002-2104( 2017) 09-0046—10 DOI: 10.12062 / cpre.20170449

(. J

( Hedonic
o “ " Pricing) o
2
o Freeman
N N N 652.33  /a; ’
o 99.79  /a.
4-6
1 37
( Contingent Valuation) ; Louviere et al. *
12017-04-15
N o E-mail: quanshiwen@ 163.com.
« "( L 16XNB023) .

« 46 o




.
o Wy t A)=max V(y—t, A,) - V(y-t, A) (2)
(2) 4 q;
o o V>
V. Yi#j. A°
10 N
max V,(y—t, A}) - V,(y-t, A) =max V,(y-t,-
CV Al V(ym1,-CV A) (3)
e (3) cv .
P 2.2
cv
15 v
’ Vi(y=t; A)) = agta(y=t) +BA;+e; (4)
(4) a B K
! (4) (3) &
. 16
2 E(CV) = % In( 3. exp( A} -at)) ) -
2.1 In( 37 exp( BA! -at,) ) (5)
“ ” A A A,
A, w, =B, /ao
o “ cv a B
7 o (4) Logit
max U(q(A) z)
S.L. 'I ; y=ig+z o Fiebig et al. “
i qq=0 Vi) ” ( Preference Heterogeneity) “ ”
ii. z=0 ¢,={0 1} Vj (1) (Scale Heterogeneity)
(1) U q J (4)
A g K z V(y=t; A) = ey~ t;+( 0, Bryn, +(1-y) o,n,) A;+e
1. i (6)
y i g <7 (6) Logit ( Generalized
( Multinomial Logit GMNL) ne
N n . A,
o,
)oY
ii 0<y<l. y=1 3(n)=0
q ;v y=0 o,=1
iii 1. Logit
(2) ( Random Paramet Logit RPL) .  RPL
n.~N(0 ).  GMNL

e 47 o



,,,,,,,

(' ;‘ . 2017 9
1 0
o, ~LN(1 7). 2014 PM,
( ) 162d PM,, )
RPL GMNL “ ” 86 d. 180 d
( Alternative Specific Constant ASC) (6) 100 d
Vy=t 4) = ap,—a,t;+( o B+yn, +(1-y) o,m,) A+ ( 1)
ASC +e, (7) ' 400 /
(7) ASC ( 1)
® 1
3 27
2o .
RPL (6) 27 9 .
@ .
V.(y=t; A) = ag,~a,t;+( B+n,) A,+60( s, ®A;) +ASC +¢, 9 4 (
(8) 1 )
(8) s, n o “ ” o “
74 o
Sn
( ) .
(8) 0 3.2
° 2015 11 2016 10
A, w,=(B+n,+0,s) /oo .
3 .
3.1
0D
AQ HE) . 232 222
aq @ o 2 ( “ 1”
o “ 27) o
2
12
(PM,,) (PM,5)
o PM,, PM, 1
R “ ” Tab.1 Attributes and attribute levels in choice
« " experiment design
® « »
6 18-19 /135 25%)  90(  S50%)  45(  75%)
-2 /TS 25%) S0 50%)  25( 75%)
) Lo ° ) 'a_l ! 200 400 600

e 48 o




22

22-23

3
4 16
4.1
(6) o RPL
A=( haze sand) * haze 1 °
sand o (6) 2
Logit  (RPL) Logit . 2
( GMNL) 1
a, 3 o
3 2 20.10% 29.48%
18
it °
) ; haze  sand
o 2
7.72
2.81 o
2014 162 d 81d
625.32
- GMNL
86 d 43 d
RPL 7=0
120.83
3
2 o o Tab.3 Estimation results
Tab.2  Descriptive statistics of the sample ] )
1 2
RPL GMNL RPL GMNL
gender 0.565 0.497 0.572 0.496
age 31.677 9.081 33.680 5.550 © 04817 0048 -0.487°F 0052 -0362°F  0.043 0381 0.064
edu 16.259 2.622 15.482 2.949 hae  -3.0097 0374 -3.0007°° 0411 -2769° 0356 -27487F 0455
sand 1291 0390 -1299%F 0398 -0.969° 0388 -L04° 0439
ine /103 7121 4.968 7.162 4.700 d -1 129 0569 L0
prof . . 0203 0403 0.113 0317 hae 42457 0466 42047 0495 3914 0432 423% 0767
(=1 =0 sad 27937 0489 2841 0518 2045 0478 3104 0.631
=1
child ( 0.616 0.487 0.550 0.499
=0) r 0135 021 -0.279 0321
2784 2784 2664 2 664
ill 0.651 0.478 0.532 0.500
(=1 =0 R2 0218 0217 0.203 0.203
“ \17
Wiy o 0.720  0.450 0.662 0.474 Chi2 84 %0 154 o
(= =0) P 0.000 0.000 0.000 0.000
know o 3.448  1.261 4.063 1.400 HO 1% 5% He)
( 10—7) 3 “10> 7 haze sand
7 “102d";® = x12 12 4
. 1 ‘@ GMNL y=0;®
1 0 0—7 Rnow o o

e 40 «



. 2017 9

4
. 4
300—1 000 / .
42
( ASC) .
o (7)
5 .
ASC “ ”»
. 5
ASC
. 4
ASC R’
ASC
. 6
. ASC
ASC .
0.15¢

REART, WA (m=2.69%*5d=3.54)

ol / Bkl 26
N .

| (m=6.32*%* 5d=7.53)

iz, EE(WF7.72**,S¢—4).2‘1‘5‘\

or_ M TR AT e .
10 s/ 105 20
1
Fig.1 Kernel density of air quality’ s marginal values
H0) m “ /7 sd o
1% e Epanechnikov

e 50

PM,, PM,,

6 1
ASC

ASC
ASC
(8) 7 . 4
RZ
4

Tab.4 Comparison of air quality values among

relevant studies

-1

*a
2007 2005 50% 65233
200 46.99]
3003 %93
3y 363.28
% !
by 576,24
Py g’ 33,601
6 2013 CFPS S0,  lpg/m® 45.20
NO, 1 pgim? 232441
5014 (S 1d 353411
925.05
27 i
Tan 0 06,12
B PN, 5 30% 1336
PM, 5 60% 477.84
%016 1% 399.45 1
Tmg ™ 2016 29 30d 154 1733.48
2014 625.32
2017
2014 120.83
D 10
@
1—2 a;® 2 140.97 /(  «a)
3 @ 1



know)

5 ASC

aqi

Tab.5 Estimation results after including alternative

specific constant

I 2
RPL GMNL RPL GMNL
L0496 0.080 -0508%F 0.8 -0379% 0073 -0615" 033
e -2.9707F 0663 -2871FF 0663 -2655°% 0638 -6017° 299
snd <1216 0953 -1008 0960 -0.761 0906 -2.64" 1220
ASC 0313 LI64 <0391 LIS <032 L0 0355 0.3%
hee 41037 0460 4293 0497 3895 0441 8254 428
sond 23957 0570 27577 0509 2847 0535 5705 3,147
ASC 18230389 0604 068 0867 0709 0595 0.402
T 0108 019 -L08T" 0450
2784 2784 2 664 2664
R? 0217 0215 0.202 0.205
Chi2 3822 107.6 350.5 63
P 0.000 0.000 0.000 0.175
Ok 1% 5% He)
t “10> " haze  sand
“102d"; 3 = x12 12 4
;@ GMNL y=0;,®

°

6 ASC

Tab.6  Marginal values of air quality based on models

including alternative specific constant

1

2

RPL GMNL RPL

GMNL

7
Tab.7 Estimation results after including interactions
between demographics and air quality
1( RPL) 2 RPL)
! -0.470™ 0.080 -0.375™ 0.073
haze 9.438 3.203 4135 2.088
sand 6.347° 3.204 0.811 2.768
ASC -0.378 1.162 -0.483 1.065
hazex sandx hazex sandx
gender -0.164 0578 -0.236 0.661 0.614 0516 -1.056  0.657
age -0.055 0.037 -0.040 0.039 0.025 0046 0.055  0.061
edu -0.233  0.154  -0.008 0.126 -0.050 0.110 ~ 0.031  0.141
inc -0.468* 0.109 -0.329"* 0.118 -0.191" 0.077 -0.220" 0.087
pof  -1.388" 072 -0.623 0.805 0.655 0.851 -0.405 1.055
child -0.995 0.656 -0.493 0.711 -0.229 0504 0.072  0.637
ill 0.063 0647 -0.095 0725 -0.032 0511 -0329  0.650
aqi -1.271 0743 -1.709" 0.784 -0.609 0.527 -0.542  0.688
fnow -0.568 0.274 -0.618" 0.280 -1.333*0.213 -0.283  0.247
haze 31507 0.392 3.0127 0.367
sand 22537 0.610 2,971 0.490
ASC 1.796 ™ 0.591 0.994" 0.459
2784 2664
R2 0.246 0.224
Chi2 2479 2212
P 0.000 0.000
HOLE 1% 5% H®)
t “10* 7 haze  sand
“10*d”; @ = x12 12 4
;@ B
8

Tah.8 Marginal values of air quality based on models

including demographics

haze  5.972°° 6912 5.669™ 7.133  7.002°F
sand  2.416™ 2460 20187 3251 21687
ASC - 0.606™ 1610 0.767™ 0.201 0.869™F

8.669 7.250™ 8.678
4590 3.149™  4.008
0.537 0.202" 1509

O 1% 5%
“d7,

He))

1( RPL) 2( RPL)
haze 6.763 ™ 7.830 7.307* 8.704
sand 2.905* 4.777 2.0817* 5.866
ASC 0.816™ 1.649 1.284 0.674
D 1% ;@
“ o,

5]



,,,,,,,,

. 2017 9

3 2011 2012 17
5.1 2013 30 2016 165.4
. 57.62%
| i .
5.2
( Benefit Transfer)
o 2015 ?
2 170.5 o “ -
1.68 /d i
0.61 /d( 1 ?
2 ) o 2015 cs, =w,—t, w,
PM, ( 143d)  PM,, ( 74 d) n ‘, n
239.61 cs, n “ o
45.13 ( 9) 2015 GDP cs, N
1.04% 0.20%. cs, o
cs,=cs, Yn#m N
2014 2016 T=3%t,=%w,.
61.2 . 134.0 neN cs, =0
165.4 o o
( 9) .
t,=w, °
o 2014 2015
36.33 2015 134.0 t,=T/N
27.11%. . t,=f(inc,) ar,/dinc,>0.
36.33 7
o ° 1
2 o
9
Tab.9 Total value of air quality in Beijing
2014 2015 2016 770 281 /.
“ 7 i1, =T(inc,/%
/d o/ /d o/ /d )
(PM,5) 162 269.09 143  239.61 133  222.86 ine,)
(PM,) 86 5200 74 4513 61  37.20 °
D cs, 2 o
He) = 2
) 2 ° cs,
2016 2015 cs,

e 52



\\\ - /,’
10 o °
10
6
CSll o
cs, ; PM,
° PM,,-
Logit Logit
1
° 772 /d 281 /de 2015
239.61
° 45.13 GDP 1.04% 0.20% -
2.5 «
‘ \ Wb PR :
2P mam, ,
/ o BEREBE o
1S el
sl
X
03 [ BEEERE :
0 e ) - 2015 2016
0 0.5 1
LN YOS
5 0
Fig.2 Kernel density of consumer surplus
:Des e Epanechnikov
10 ’
Tab.10 Standard deviation and Gini coefficient
of consumer surplus o
2 2 2 .
cs, 0.584 0.585 0.324 0.325
0.628 0.493 0.183 0.332 ( . )
cs, 0.384 0.422 0.276 0.350 '
( References)
0.361 0.443 0.297 0.313
1 FREEMAN A M HERRIGES J A KLING C L. The measurement of
O ) 2 222 ¢
27 5% 95% 2 environmental and resource values: theory and methods M . 3rd ed.
200, Washington DC: Routledge 2014.

e 53 .



. 2017 9

10

I

2007 ( 1): 107 = 115. CAI Chunguang ZHENG

Xiaoying. Willingness to pay for health lose from air pollution in

Beijing J . Economic science 2007( 1) : 107-115.

] 2012( 4) : 140-160. CHEN Yongwei CHEN

Lizhong. Pricing for clean air; empirical evidence from Qingdao in
China J . The journal of world economy 2012(4): 140-160.
LEVINSON A. Valuing public goods using happiness data: the case
of air quality J . Journal of public economics 2012 96( 9-10) :
869-2880.

I 2014(4): 67-73.

HE Lingyun HUANG

Yongming. Urban residents ’ willingness to pay for air quality
improvement J . Urban problems 2014(4): 67-73.

CFPS 2010 I 77 - 88.

CHEN Yongwei

2013( 6) :
SHI Yupeng. Valuing air quality from the
perspective of happiness economics: based on the data from CFPS
2010 J . Economic science 2013(6): 77-88.

LUECHINGER S. Valuing air quality using the life satisfaction
approach J . The economic journal 2009 119( 536) : 482-515.
LOUVIERE J J HENSHER D A SWAIT J D. Stated choice
methods: analysis and applications M . New York: Cambridge
University Press 2000.

MURPHY JJ ALLEN P G STEVENS T H et al. A meta—analysis
of hypothetical bias in stated preference valuation J . Environmental
and resource economics 2005 30( 3) : 313-325.

LISTJ GALLET C. What experimental protocol influence
disparities between actual and hypothetical stated values? ] .

2001 20(3): 241-254.
LISTJ A SINHA P TAYLOR M H. Using choice experiments to

Environmental and resource economics
value non — market goods and services: evidence from field
experiments J . Advances in economic analysis & policy 2006 5
(2): 1-37.

I 2016( 1) :
127-141. QUAN Shiwen. Research advances on choice experiment

127-141.
SCHROEDER T C. Are choice experiments incentive

J . Economic perspectives 2016( 1) :
LUSK J L
compatible? a test with quality differentiated beef steaks ]
American journal of agricultural economics 2004 86(2): 467-
482.

TANG C ZHANG Y. Using discrete choice experiments to value
preferences for air quality improvement: the case of curbing haze in
urban China ]
management 2016 59( 8) :

YOO S KWAK S

Journal of environmental planning and
1473-1494.

LEE J. Using a choice experiment to measure
the environmental costs of air pollution impacts in Seoul J . Journal
of environmental management 2008 86( 1) : 308-318.

54 «

16

18

20

21

22

23

24

25

26

27

28

TRAIN K E. Discrete choice methods with simulation M . New
2003.
LOUVIERE ]

York: Cambridge University Press
FIEBIG D G KEANE M P et al. The generalized
multinomial Logit Model: accounting for scale and coefficient
heterogeneity J . Marketing science 2010 29( 3) : 393-421.
PM, 5

S ] . 2015
25(1): 127-133. ZENG Xiangang XIE Fang ZONG Quan.
Behavior selection and willingness to pay of reducing PM, 5 health
risk: taking residents in Beijing as an example ] China
127-133.
HAMMITT J ZHOU Y. The economic value of air—pollution-related

health China:

population resources and environment 2015 25(1):

risks in a contingent valuation

study J
399-423.
ALBERINI A CROPPER M FUT et al. Valuing health effects of

Environmental and resource economics 2006 33( 3):

air pollution in developing countries: the case of ‘Taiwan’ ] .

Journal of environmental economics and management 1997 34
(2): 107-126.
J.
2013(2): 274-279. CAO Huaishu LIAO Hua. The

public” s willingness to pay for environment quality improvement: a
hierarchical Bayesian approach J . Chinese journal of management

2013(2) : 274-279.

WINDLE J. Comparing responses from internet and paper — based
collection methods in more complex stated preference environmental
valuation surveys J . Economic analysis and policy 2011 41( 1) :
83-97.

OLSEN S. Choosing between internet and mail survey modes for
choice experiment surveys considering non — market goods J
Environmental and resource economics 2009 44(4): 591-610.

I 2011( 1) : 62-65. GAO Xincai YUE Li
ZHANG Qinzhi. Willingness to pay for air pollution in Lanzhou and
its determinants J . Urban problems 2011( 1) : 62-65.

J. 2013(8): 95-100. XIAN Huishen HU
Meng. Research on Qingdao residents’ willingness to pay for air
quality improvement J . Urban development studies 2013 ( 8):
95-100.

D .
2013. HUANG Desheng. Atmospheric visibility valuation
method and empirical study D

2013.
TAN J ZHAO J. The value of clean air in China: evidence from

. Beijing: Peking University

Beijing and Shanghai J . Frontiers of economics in China 2014 9

(1): 109-137.

(5): 767-778. SHI Chunna YAO Shunbo

2016
CHEN Xiaonan et



‘\\ B 7//,
al. Economic valuation of ecosystem services based on choice ( SDGs) to sustainability science based on the object-subject-process
experiments: a case study of Wenjiang in Sichuan Province J . framework ] . Chinese journal of population resources and
Journal of natural resources 2016( 5) : 767-778. environment 2017 15( 1) : 8-20.

29 MIRRLEES J ADAM S BESLEY T et al. Tax by design: the 32 JIANGJ N WANG W T WANG C et al. Combating climate
Mirrlees review M . Oxford: Oxford University Press 2011. change calls for a global technological cooperation system built on
30 QLY JIAQ G ZOU J et al. Future of global governance and the concept of ecological civilization J . Chinese journal of
climate change action in a changing political landscape J . Chinese population resources and environment 2017 15( 1) : 21-31.
journal of population resources and environment 2017 15 (1): 33 DONG L. Bound to lead? rethinking Chinas role after Paris in
1-7. UNFCCC negotiations J . Chinese journal of population resources
31 ZHU D J. Research from global Sustainable Development Goals and environment 2017 15( 1) : 32-38.

Using choice experiment to evaluate air quality in Beijing

QUAN Shi-wen
( Institute of Rural Development Chinese Academy of Social Sciences Beijing 100732 China)

Abstract The scientific evaluation of air quality is a prerequisite for the government to develop air pollution control policies. In recent
years choice experiment has been increasingly used to measure environmental values. Compared with other stated preference methods
the higher external validity is an important advantage of choice experiment. At present several foreign studies have evaluated air quality
in different regions by using choice experiment. By contrast the application of choice experiment in China is still in its infancy. The
aim of this paper is to add new empirical evidence on air quality evaluation in Beijing by using the method of choice experiment.
Specifically we design a choice experiment regarding air quality and conduct two online surveys on Beijing residents respectively in
2015 and 2016. According to the survey data we use random parameter logit model and generalized multinomial logit model to elicit
individual s preference on air quality and thus estimate the value of air quality. According to the sample in 2015 the mean marginal
values of one hazy day (i.e. with excess PM, ) and one sandy/dusty day ( i.e. with excess PM,,) are respectively 6.32 yuan and 2. 69
yuan. And according to the sample in 2016 the corresponding marginal values are respectively 7.72 yuan and 2.81 yuan. Above
estimates are basically stable in the two survey samples and remain robust in different model specifications and also keep consistent
with results of relevant studies. Consequently Beijing’ s hazy and sand-dust weather in 2015 leads to losses respectively worth 23.96
billion yuan and 4.51 billion yuan namely 1.04% and 0.20% of GDP. We further find that the economic values of air quality
improvement in 2015 and 2016 are all considerably lower than Beijing’ s fiscal input on controlling air pollution indicating that the
efficiency of fiscal fund should be further improved. Besides although income has a significantly positive impact on individualdevel air
quality value we do not find progressive tax rate is obviously better than flat tax rate.

Key words air quality; choice experiment; evaluation; cost benefit analysis; haze
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